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ABSTRACT 
Remote-sensed hyperspectral data represents significant 
challenges in downlink due to its large data volumes.  This 
paper describes a research program designed to process 
hyperspectral data products onboard spacecraft to (a) reduce 
data downlink volumes and (b) decrease latency to provide 
key data products (often by enabling use of lower data rate 
communications systems).  We describe efforts to develop 
onboard processing to study volcanoes, floods, and 
cryosphere, using the Hyperion hyperspectral imager and 
onboard processing for the Earth Observing One (EO-1) 
mission as well as preliminary work targeting the 
Hyperspectral Infrared Imager (HyspIRI) mission.  
 

Index Terms— onboard spacecraft processing, event 
detection, volcanism, surface water detection, cryosphere' 

1. INTRODUCTION 
We describe onboard processing algorithms for volcano, 
flood, and cryosphere analysis deployed onboard the Earth 
Observing One (EO-1) spacecraft and applied to Hyperion 
hyperspectral data.  We also describe ongoing work to 
develop oceanographic applications for EO-1 as well as 
follow-on work targeting the HyspIRI mission.  In each of 
these cases we describe the science processing steps as well 
as the runtime benchmarks for a range of flight processors.   
 The motivation for onboard processing is 
multifold.  First, many space missions are downlink limited.  
Onboard processing can dramatically reduce the amount of 
data that needs to be returned.  Second, onboard processing 
can enable more rapid data production.  By processing the 
data onboard and reducing the data volume it is possible to 
downlink alerts or summary products via lower data rate 
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engineering downlink – resulting in more rapid notification 
(an example of this is the Direct Broadcast system 
[Directbroadcast]).  Third, onboard processing can enable 
onboard response providing more rapid response to science 
events.  For example, EO-1 onboard science analysis can 
drive retasking the spacecraft - enabling response to science 
events within hours compared to routine ground-in-the-loop 
data processing and response of one week or rush ground 
response of several days. 
 

2. THE EARTH OBSERVING ONE MISSION  
EO-1 [Ungar et al. 2003]was launched in November 

2000 into a 705-km circular orbit with an inclination of 98.7 
degrees. This orbit affords global coverage, with exact 
ground-repeat tracks every 16 days. EO-1 is a pointable 
spacecraft. Observations can be nadir, one path to the east or 
west, and two paths to the east or west. A target may 
therefore be imaged up to 10 times in any 16-day period, 
with five day and five night observations. For polar targets, 
where orbital paths converge, imaging up to five paths away 
from the nadir is theoretically possible. 

On board EO-1 are three instruments: the Advanced 
Land Imager (ALI), the LEISA Atmospheric Corrector 
(LAC) and the Hyperion imaging spectrometer. ASE uses 
data from the Hyperion instrument although an effort is 
underway to enable onboard access to ALI data. 

The Hyperion imaging spectrometer is a hyperspectral 
imager with 220 discrete bands covering a wavelength range 
of 0.4–2.5 µm. This spectral range makes Hyperion an 
excellent instrument for tracking many science phenomena 
that can be distinguished with these spectra.  Hyperion has a 
spatial resolution of 30 m/pixel. A typical Hyperion 
observation is 7.7 km (256 pixels) wide by 95km (3176 
pixels) long.  

3. THE AUTONOMOUS SCIENCECRAFT 
The Autonomous Sciencecraft Experiment (ASE) [Chien et 
al. 2005] is flight software that has been the primary means 
of operating the EO-1 mission since 2004.  ASE has science 
processing, mission planning, and onboard execution 







5.2. HyspIRI 
Ongoing experiments and analysis of onboard processing 
are targeted at evaluating onboard processing for potential 
use in the HyspIRI mission – a future mission  under 
evaluation by NASA with hyperspectral imaging capability 
[Green et al. 2008].  These studies include testing the above 
algorithms as well as algorithms aimed at tracking drought 
and plant stress on a range of flight processors including the 
Mongoose M5 (currently flying on EO-1), Electra, Rad 750, 
as well as more powerful FPGA based platforms.  Currently 
the thermal algorithm takes 5 minutes, cloud takes 5-10, 
SWIL 40-50 minutes, and flood 30-40 minutes onboard EO-
1 running on the M5 (with onboard science processing 
getting ~ 40% of the CPU due to other FSW). 
 

6. RELATED WORK AND CONCLUSIONS  
Other work has studied the use of Support Vector Machine 
(SVM) learning techniques to onboard detection of active 
sulfur springs [Mandrake et al, 2009].  This work includes 
analysis of linear, polynomial, and gaussian kernel SVM’s 
to detection of sulfur in Hyperion images – a very 
challenging task due to the slight sulfur signature (sub pixel) 
and limited onboard computing on EO-1.  Onboard data 
analysis algorithms have also been developed for the 
THEMIS instrument onboard Mars Odyssey [Castano et al. 
2007] but as of yet have not been integrated with the flight 
software or uploaded and used.  The Mars Exploration 
Rovers now have the ability to analyze onboard imagery to 
detect dust devils and clouds [Castano et al. 2008, Chien et 
al. 2008] and a further upload is under way to enable 
autonomous targeting of remote science instruments 
onboard MER [Estlin et al. 2009]. 

We have described a number of algorithms 
intended for classification of hyperspectral images onboard 
spacecraft.  The thermal event detection and summarization, 
surface water/flood detection, and snow/water/ice/land 
cryosphere tracking have been operational onboard the EO-
1 spacecraft processing Hyperion data since 2004.  We then 
described ongoing work towards onboard algorithms  
including marine science products.  Onboard production of 
these science products enables: (1) more rapid delivery of 
science products and (2) more rapid response to acquire 
further imagery, issue alerts, or other actions. 
 

7. REFERENCES 
     A. Castano, A. Fukunaga, J. Biesiadecki, L. Neakrase, P. 
Whelley, R. Greeley, M. Lemmon, R. Castano, S. Chien, 
“Automatic detection of dust devils and clouds at Mars,” Machine 
Vision & Applications, Oct 2008, vol. 19, No. 5-6, pp. 467-482. 
     R. Castano, D. Mazzoni, N. Tang, T. Doggett, S. Chien, R. 
Greeley, B. Cichy, and A. Davies. Onboard classifiers for science 
event detection on a remote sensing spacecraft. In Proc 12th  Intl 
Conf on Knowledge Discovery & Data Mining, pp 845–851, 2006. 
     R. Castano, K. Wagstaff, S. Chien, T. Stough, B. Tang, 
Onboard analysis of uncalibrated data for a spacecraft at Mars, 

Proceedings of the 13th International Conference on Knowledge 
Discovery and Data Mining, August 2007, San Jose, CA. 
    S. Chien, R. Sherwood, D. Tran, B. Cichy, G. Rabideau, R. 
Castano, A. Davies, D. Mandl, S. Frye, B. Trout, S. Shulman, D. 
Boyer, “Using Autonomy Flight Software to Improve Science 
Return on Earth Observing One, Journal of Aerospace Computing, 
Information, & Communication, April 2005, AIAA. 
     S. Chien, R. Castano, B. Bornstein, A. Fukunaga, A. Castano, J. 
Biesiadecki, R. Greeley, P. Whelley, and M. Lemmon, Results 
from Automated Cloud and Dust Devil Detection Onboard the 
MER rovers, Intl Symp on Artificial Intelligence, Robotics, & 
Automation in Space, Universal City, CA, February 2008.  
     A. G. Davies, S. Chien, V. Baker, T. Doggett, J. Dohm, R. 
Greeley, F. Ip, R. Castano, B. Cichy, R. Lee, G. Rabideau, D. Tran 
and R. Sherwood (2006) Monitoring Active Volcanism with the 
Autonomous Sciencecraft Experiment (ASE). Remote Sensing of 
Environment, Vol. 101, Issue 4, pp. 427-446. 
     NASA Direct Broadcast System web page.  
http://directreadout.sci.gsfc.nasa.gov/ 
     T. Doggett, R. Greeley, A. G. Davies, S. Chien, B. Cichy, R. 
Castano, K. Williams, V. Baker, J. Dohm and F. Ip (2006) 
Autonomous On-Board Detection of Cryospheric Change.  Remote 
Sensing of Environment, Vol. 101, Issue 4, pp. 447-462. 
     T. Estlin, R. Castano, B. Bornstein, D. Gaines, R. C. Anderson, 
C. de Granville, D. Thompson, M. Burl, S. Chien, and M. Judd, 
“Automated targeting for the MER rovers.” AIAA Infotech @ 
Aerospace Conference, Seattle, WA, April 2009. 
     J.F.R. Gower & Borstad, G.A. (2004).On the Potential of Modis 
and Meris for Imaging Chlorophyll Fluorescence From Space. Intl 
Journal of Remote Sensing. 25(7-8),1459-1464. 
     J. Gower, King, S. & Borstad, G., et al. (2005).Detection of 
Intense Plankton Blooms Using the 709nm Band of the Meris 
Imaging Spectrometer. Intl Jnl Remote Sensing. 26(9), 2005-2012. 
     R. Green, G. P. Asner, S. Ungar, R. Knox, “Results of the 
Decadal Survey Hypsiri Imaging Spectrometer  Concept Study: a 
high signal to noise ratio and high uniformity global mission to 
measure plant physiology and functional type,” Proc IEEE Intl 
Geoscience & Remote Sensing Symp, Boston, MA, July 2008. 
     M. K. Griffin, Burke, H. K., Mandl D., & Miller, J., Cloud 
Cover Detection Algorithm for EO-1 Hyperion Imagery. 17th SPIE 
AeroSense 2003, Orlando FL, Conf Algorithms & Techno for 
Multispectral, Hyperspectral and Ultraspectral Imagery IX. 
     F. Ip, J. M. Dohm, V. R. Baker, T. Doggett, A. G. Davies, R. 
Castano, S. Chien, B. Cichy, R. Greeley, and R. Sherwood (2006) 
Development and Testing of the Autonomous Spacecraft 
Experiment (ASE) floodwater classifiers:  Real-time Smart 
Reconnaissance of Transient Flooding. Remote Sensing of 
Environment, Vol. 101, Issue 4, pp. 463-481. 
     L. Mandrake, K. L. Wagstaff, D. Gleeson, U. Rebbapragada, D. 
Tran, R. Castano, S. Chien, R. T. Pappalardo, Onboard detection of 
naturally occurring sulfur on a glacier via an onboard SVM and 
Hyperion/EO-1, submitted to IEEE Workshop on Hyperspectral 
Image and Signal Processing: Evolution in Remote Sensing, 2009. 
     C. J. Tucker (1979). Red and photographic infrared linear 
combinations for monitoring vegetation. Remote Sensing of 
Environment, 8, 127−150. 
     S. G. Ungar et al, “Overview of the Earth Observing One (EO-
1) Mission”, IEEE Transactions on Geoscience & Remote Sensing, 
vol. 41, No. 6, June 2003. 




